INTRODUCTION
Concentrations of atmospheric carbon dioxide (CO ) are reported to be on the increase since the 2 beginning of the industrial era, and projections have been made that these concentrations would have risen to about 500 ppm or more by 2100 (IPCC 2007; Taub, 2010; EPA 2015) . Moreover, the percentage increase of carbon in the atmosphere which is exchanged with the terrestrial environment has been approximated to be about 14 % annually. It is therefore evident that different terrestrial surfaces contribute to regional carbon budgets in different ways mainly due to the heterogeneity of the ecosystems (Zhang et al., 2015; Baldocchi et al., 2001; Zhao et al., 2010) . Although, the observed increase has been noticed to have serious effects on global climate, attentions must rather be drawn to the effects such rise in concentrations will have on the terrestrialbiosphere system (Ziska, 2008; Zhang et al., 2015) .
The survival of any plant in a terrestrial environment depends on the amount (fraction) of solar radiation available for such plant to undergo photosynthesis. This fraction of the solar radiation is referred to as photosynthetically active radiation (PAR) . PAR together with other essential environmental variables such as carbon dioxide (CO ), water vapor etc., are necessary for proper 2 growth and development of plants. As plants photosynthesize, they take up atmospheric CO , 2 chemically reducing the carbon, leading to acquisition of stored chemical energy in them. The common elements (i.e. carbon, hydrogen and oxygen) injected into organic molecules by photosynthesis make approximately 96 % of the total dry mass of a typical plant. Photosynthesis is therefore said to be at the heart of nutritional metabolism of plants (Taub, 2010; Gilmanov et al., 2014; Neumann et al., 2015) . However, increasing the availability of CO for 2 photosynthesis can have serious effects on the growth of plant and its physiology (Loladze, 2002; Keeling et al., 2005; Vanuytrecht et al., 2011) . As CO concentrations increase, plants should 2 maintain high photosynthetic rates with low stomata conductance for low rates of water loss. As a matter of fact, it is expedient that measurements of CO quantifying the variation 2 of carbon flux over plants be taken, to estimate its concentration for daytime and nighttime https://dx.doi.org/10.4314/ijs.v21i2.8 conditions, so as to be able to check for any serious effects that might need to be reported and corrected as plants continue to use it (Phillips et al., 1998; Casso-Torralba et al., 2008) .
The primary objective of this study is to investigate the diurnal variation of CO flux over a 2 leguminous plant (cowpea) using eddy covariance (EC) technique. The method is currently the most accurate, reliable and non-destructive approach for measuring turbulent fluxes of CO in an 2 ecosystem (Zhang et al., 2015; Dragomir et al., 2011) . Other objectives are to quantify CO fluxes 2 for different growth and developmental stages of the plant for two transitional planting seasons, and identify the major factor(s) responsible for the regulation of the fluxes at the study site.
METHODOLOGY

Site description
The experimental site for this study was located at Teaching and Research Farm of Obafemi Awolowo University campus in Ile-Ife, Nigeria o o (7.52 N; 4.52 E; 296m) as shown in the Fig. 1 . The selection of the site for the purpose of this study was due to its open and level terrain nature. This is to meet the steady-state and stationarity conditions required to achieve accuracy in measurement. It is located in a low wind area and about 7 km north-east of the main campus. The mean wind speed at the study site is less than 1.5 -1 ms (Jegede et al., 1997; Ayoola et al., 2014) . It has a dimension approximated 1500 m by 300 m. Typical varieties of arable crops; such as maize, cassava, water melon and fruits are planted every year and the area is characterized with a few scattered trees. The soil type is loamy-clay from the top to the bottom. There are offices and facility buildings for the use of staff members available at the site and lecture rooms for 400 level students in their farm year. Units such as poultry, piggery and cattle are also represented within the farm center. The study area which is approximated 60 m by 45 m was planted with cowpea. Cowpea was chosen for the purpose of its homogeneous nature in growth and ability to fix nitrogen by its root nodules. This was done to meet the homogeneity condition as required for the accuracy of eddy covariance technique being employed in this study.
Measurements, Data acquisition and Processing
Three separate short masts (1.5 m, 1.6 m and 2.2 m tall) were installed at the experimental site as shown in the along the three orthogonal dimensions by CSAT3 while CO flux and water vapor density were 2 sampled by LI 7500 infrared gas analyzer (see Campbell Scientific Instruments manual, 2010). The HMP60 recorded the air temperature and relative humidity. Positioning of the EC system in the planted area (middle of the study area) was such that the placement of fast response sensors (CSAT3 and LI 7500) at 2.0 m above the surface was in the ratio 100:1 with reference to the area fetch. This is to ensure that the system captured data (surface flow) from every angle to satisfy the fetch and stationarity conditions requirements. On the 1.6 m mast were mounted slow response sensors; cup anemometer (A100L2), pyranometer (Kipp & Zonen) and HMP45C, all at the same level at a height of 1.5 m above the surface. A precision infrared radiometer (SI-111) for leaf surface temperature, net radiometer (NR-Lite) for net radiation and LICOR quantum sensor (LI190SB) for PAR, were integrated for measurements at height 1.45 m on the 1.5 m mast. The turbulent parameters were sampled at 10 Hz and averaged at 30 min. interval. They were stored by a CR1000 datalogger and later downloaded on a PC (HP-laptop). The meteorological variables; mean wind speed, solar radiation, air and soil temperatures, soil moisture, relative humidity, soil heat flux, leaf surface temperature and PAR were also sampled at 10 s and averaged at 2 mins interval. After subjection to various tests and careful elimination of spurious flux data values from the datasets using quality control and quality assurance (QA/QC) protocol, stationarity test was performed following the procedure given by Foken and Wichura (1996) .The datasets were then reduced to 30 minutes averages and used for further analysis. Photosynthetically Active Radiation (PAR) for different developmental stages of cowpea for the transitions, dry-to-wet and wet-to-dry are shown in the Figs. 3 to 6. In the Fig. 3(a) , for phase 1 of the measurement, dry-to-wet transition (March -June), the concentration of CO as observed for 2 -3 emergence was 800.0 mgm at about 0300 hr before sunrise. The rise in concentration is adduced mainly to soil and plant respiration. The high nighttime value of CO flux dropped to about 2 -3 650.0 mgm at about 1500 hr of the same day. The drop is attributable to photosynthetic activity during the daytime. In the vegetative stage of its growth as shown in the Fig. 3(b) , the value of CO 2 concentration observed was less than that observed for emergence.The difference in the values is attributable to the rate of soil and plant respiration being less in the vegetative stage, and photosynthesis being higher than in the emergence stage. Similarly, in the Fig. 4(a) , wet-todry transition (August -November), CO 2 -3 concentration varied between 650 mgm and -3 720.0 mgm . These values were close to the values observed in the first transition. In a like manner, there was a drop in the CO concentration in the 2 vegetative stage of the plant due to similar reason earlier stated. For both transitions, variations in the concentrations of CO for flowering, maturity 2 and senescence stages were similar. High values of CO concentrations were observed for nighttime 2 periods (stable conditions) while low values were observed for daytime periods (unstable conditions) due to similar reasons earlier stated. June which represented wet/rainy period when there were less sunlight and lower air temperature conditions. However, photosynthesis is expected to be very low and soil and plant respiration may explain the positive CO flux observed (see Figs. 3 2 and 4). The warm/dry period is considered to last from October, 2015 to February, 2016 but the measurement ended in November, 2015 being the month when the plant had withered. The period is a representative of the warm/dry conditions and there were much insolation and higher temperature conditions at the surface. Therefore, soil and plant respirations are expected to be lower and photosynthesis higher which then accounted for negative CO flux (see Figs. 5 and 6 ). 
RESULTS AND DISCUSSION
